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ABSTRACT 



While a number of different approaches have been suggested 
for the improvement of K-12 education in the United States, one common 
element of many plans is the more extensive and more effective utilization of 
computer, networking, and other technologies in support of a broad program of 
systemic and curricular reform. The Panel on Educational Technology was 
organized in April 1995 to provide independent advice to the President on 
matters related to the application of various technologies- - in particular, 
interactive computer- and network-based technologies- -to K-12 education in 
the United States. This report presents its findings and recommendations, 
which are based on a (on-exhaustive) review of the research literature and on 
written submissions and private White House briefings from a number of 
academic and industrial researchers, practicing educators, software 
developers, governmental agencies, and professional and industry 
organizations involved in various ways with the application of technology to 
education. The Panel's major recommendations include: focus on learning with 
technology, not about technology; emphasize content and pedagogy, not just 
hardware; give special attention to professional development; engage in 
realistic budgeting; ensure equitable, universal access; and initiate a major 
program of experimental research. The report contains an executive summary 
and ten sections: <1) Introduction; (2) Potential Significance; (3) Hardware 

and Infrastructure; (4) Software, Content and Pedagogy; (5) Teachers and 
Technology; (6) Economic Considerations; (7) Equitable Access; (8) Research 
and Evaluation; (9) Programs and Policy; and (10) Summary of Findings and 
Recommendations. (SWC) 
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Executive Summary 



In an era of increasing international economic competition, the quality of 
America’s elementary and secondary schools could determine whether our 
children hold highly compensated, high-skill jobs that add significant value 
within the integrated global economy of the twenty-first century or compete 
with workers in developing countries for the provision of commodity products 
and low-value-added services at wage rates comparable to those received by 
third world laborers. Moreover, it is widely believed that workers in the next 
century will require not just a larger set of facts or a larger repertoire of specific 
skills, but the capacity to readily acquire new knowledge, to solve new prob- 
lems, and to employ creativity and critical thinking in the design of new ap- 
proaches to existing problems. 

While a number of different approaches have been suggested for the improve- 
ment of K-12 education in the United States, one common element of many 
such plans has been the more extensive and more effective utilization of com- 
puter, networking, and other technologies in support of a broad program of 
systemic and curricular reform. During a period in which technology has fun- 
damentally transformed America’s offices, factories, and retail establishments, 
however, its impact within our nation’s classrooms has generally been quite 
modest. 

The Panel on Educational Technology was organized in April 1995 under the 
auspices of the President’s Committee of Advisors on Science and Technology 
(PCAST) to provide independent advice to the President on matters related to 
the application of various technologies (and in particular, interactive computer- 
and network-based technologies) to K-12 education in the United States. Its 
findings and recommendations are based on a (non -exhaustive) review of the 
research literature and on written submissions and private White House brief- 
ings from a number of academic and industrial researchers, practicing educa- 
tors, software developers, governmental agencies, and professional and indus- 
try organizations involved in various ways with the application of technology to 
education. 
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A substantial number of relatively specific recommendations related to various 
aspects of the use of technology within America’s elementary and secondary 
schools are offered at various points within the body of this report. The list that 
appears below summarizes those high-level strategic recommendations that 
the Panel believes to be most important: 

1 . Focus on learning with technology, not about technology. Although both 
are worthy of attention, it is important to distinguish between technology as 
a subject area and the use of technology to facilitate learning about any 
subject area. While computer-related skills will unquestionably be quite 
important in the twenty-first century, and while such skills are clearly best 
taught through the actual use of computers, it is important that technology 
be integrated throughout the K-12 curriculum, and not simply used to im- 
part technology-related knowledge and skills. Although universal techno- 
logical literacy is a laudable national goal, the Panel believes the Admini- 
stration should work toward the use of computing and networking tech- 
nologies to improve the quality of education in all subject areas. 

2. Emphasize content and pedagogy, and not just hardware. While the wide- 
spread availability of modern computing and networking hardware will in- 
deed be necessary if technology is to realize its promise, the development 
and utilization of useful educational software and information resources, 
and the adaptation of curricula to make effective use of technology, are 
likely to represent more formidable challenges. Particular attention should 
be given to the potential role of technology in achieving the goals of current 
educational reform efforts through the use of new pedagogic methods fo- 
cusing on the development of higher-order reasoning and problem-solving 
skills. While obsolete and inaccessible computer systems, suboptimal stu- 
dent/computer ratios, and a lack of appropriate building infrastructure and 
network connectivity will all need to be addressed, it is important that we 
not allow these problems to divert attention from the ways in which tech- 
nology should actually be used within an educational context. 

3. Give special attention to professional development. The substantial in- 
vestment in hardware, infrastructure, software and content that is recom- 
mended in this report will be largely wasted if K- 12 teachers are not pro- 
vided with the preparation and support they will need to effectively inte- 
grate information technologies into their teaching. Only about 15 percent 
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of the typical educational technology budget is currently devoted to profes- 
sional development; this figure should be increased to at least 30 percent. 
Teachers should be provided with ongoing mentoring and consultative sup- 
port, and with the time required to familiarize themselves with available 
software and content, to incorporate technology into their lesson plans, and 
to discuss technology use with other teachers. Finally, both presidential 
leadership and federal funding should be mobilized to help our nation’s 
schools of education to incorporate technology within their curricula so 
they are capable of preparing the next generation of American teachers to 
make effective use of technology. 

4. Engage in realistic budgeting. The Panel believes that at least five percent 
of all public K-12 educational spending in the United States (or approxi- 
mately $13 billion annually in constant 1996 dollars) should be earmarked 
for technology-related expenditures — a significant increase over the current 
level of approximately 1.3 percent. Because the amortization of initial ac- 
quisition costs will account for only a minority of these recommended ex- 
penditures, schools will have to provide for increased technology spending 
within their ongoing operating budgets rather than relying solely on one- 
time bond issues and capital campaigns. 

While voluntarism and corporate equipment donations may be of 
both direct and indirect benefit under certain circumstances, White House 
policy should be based on a realistic assessment of the relatively limited di- 
rect economic contribution such efforts can be expected to make overall. 
The Administration should continue to make the case for educational tech- 
nology as an unusually high-return investment (in both economic and so- 
cial terms) in America’s future, while seeking to enhance the return on that 
investment by promoting federally sponsored research aimed at improving 
the cost-effectiveness of technology use within our nation’s elementary and 
secondary schools. 

5. Ensure equitable, universal access. Access to knowledge-building and 
communication tools based on computing and networking technologies 
should be made available to all of our nation’s students, regardless of socio- 
economic status, race, ethnicity, gender, or geographical factors, and special 
attention should be given to the use of technology by students with special 
needs. Title I spending for technology-related investments on behalf of 
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economically disadvantaged students should be maintained at no less than 
its current level, with ongoing adjustments for inflation, expanding U.S. 
school enrollment, and projected increases in overall national spending for 
K-12 educational technology. Because much of the educational use of com- 
puters now takes place within the home, and because the rate of home 
computer ownership diverges widely for students of different racial and 
ethnic groups and socioeconomic status, consideration should also be given 
to certain public policy measures that might help to reduce disparities in 
student access to information technologies outside of school. 

6. Initiate a major program of experimental research. The Panel believes 
that a large-scale program of rigorous, systematic research on education in 
general and educational technology in particular will ultimately prove nec- 
essary to ensure both the efficacy and cost-effectiveness of technology use 
within our nation’s schools. Funding levels for educational research, how- 
ever, have thus far been alarmingly low. By way of illustration, whereas 
some 23 percent of all U.S. expenditures for prescription and non- 
prescription medications were applied toward pharmaceutical research in 
1995, less than 0.1 percent of our nation’s expenditures for elementary and 
secondary education in the same year were invested to determine which 
educational techniques actually work, and to find ways to improve them. 

The Panel strongly recommends that this figure be increased to at 
least 0.5 percent (or about $1.5 billion annually at current expenditure lev- 
els) on an ongoing basis. Because no one state, municipality, or private firm 
could hope to capture more than a small fraction of the benefits associated 
with a significant advance in our understanding of how best to educate K-12 
students, this funding will have to be provided largely at the federal level in 
order to avoid a systematic underinvestment (attributable to a classical 
form of economic externality) relative to the level that would be optimal for 
the nation as a whole. 

To ensure high standards of scientific excellence, intellectual integ- 
rity, and independence from political influence, this research program 
should be planned and overseen by a distinguished independent board of 
outside experts appointed by the President, and should encompass (a) basic 
research in various learning-related disciplines and on various education- 
ally relevant technologies; (b) early-stage research aimed at developing new 
forms of educational software, content, and technology- enabled pedagogy; 
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and (c) rigorous, well-controlled, peer-reviewed, large-scale empirical 
studies designed to determine which educational approaches are in fact 
most effective in practice. The Panel does not, however, recommend that 
the deployment of technology within America’s schools be deferred pend- 
ing the completion of such research. 



Finally, it should be noted that the Panel strongly supports the programs en- 
compassed by the President’s Educational Technology Initiative, which aim to 
provide our nation’s schools with the modern computer hardware, local- and 
wide-area network connectivity, high quality educational content, and appro- 
priate teacher preparation that will be necessary if information technologies are 
to be effectively utilized to enhance learning. In the area of research and 
evaluation, however, the Panel believes that much remains to be done. While a 
scientific research program of the sort envisioned by the Panel will require sub- 
stantial funding on a sustained basis, such a program could well prove critical 
to the economic security of future generations of Americans, and should thus 
be assigned a high priority in spite of current budgetary pressures. 




While the importance of securing an adequate education for America’s children 
has long been clear, this undertaking has, over the past fifteen years or so, ac- 
quired a sense of special urgency. On the one hand, expanded global competi- 
tion and corporate restructuring have drawn attention to the importance of 
preparing the next generation of Americans to add value within an increasingly 
integrated world economy. Over this same period, however, serious concerns 
have been raised 1 regarding the capacity of the U.S. educational system to meet 
this challenge. 

While a number of different approaches have been suggested for the improve- 
ment of K-12 education in the United States, one common element of many 
such plans has been the more extensive and more effective utilization of com- 
puter, networking, and other technologies in support of a broad program of 
systemic and curricular reform. Such proposals have been motivated in part by 
specific examples of the successful application of technology to education, and 
in part by the more general observation that, during a period in which technol- 
ogy has fundamentally transformed America’s offices, factories, and retail es- 
tablishments, its impact within our nation’s classrooms has generally been 
quite modest. 2 

The Goals 2000: Educate America Act, 3 which was signed into law in 1994, con- 
tained a number of provisions designed to foster the application of technology 
within the nation’s elementary and secondary schools. President Clinton has 
since announced several additional programs that aim to establish various 
forms of cooperative partnerships involving the federal government, the states, 



1 Such concerns found expression, for example, in an influential report released in the early 1980s by the Na- 
tional Commission on Excellence in Education ( A Nation at Risk: The Imperative for Educational Reform. 
Washington, D.C.: U.S. Department of Education, 1983). 

2 

Indeed, Professor Christopher Dede has asserted that “if all computers and telecommunications were to 
disappear tomorrow, education would be the least affected of society's institutions.” (Written statement 
submitted to the PCAST Panel on Educational Technology, 1995.) 

3 Public Law 103-227. 
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local communities, individual schools and school districts, and the private 
sector, in each case with the goal of mobilizing technology in service of K-12 
education. 

In the context of these various initiatives, the Panel on Educational Technology 
was organized in April 1995 under the auspices of the President’s Committee of 
Advisors on Science and Technology (PCAST) to provide independent advice to 
the President on matters related to the application of various technologies (and 
in particular, interactive computer-based and digital-network-based technolo- 
gies) to elementary and secondary education in the United States. 4 The Panel 
consists of seven PCAST members and five outside experts in the field of edu- 
cational technology, and has been assisted in its activities by a small research 
and operational staff. 

In the course of its investigations, the Panel reviewed a substantial body of ex- 
isting written material on the subject of educational technology and solicited 
additional written input from a number of academic and industrial researchers, 
practicing educators, software developers, governmental agencies, and profes- 
sional and industry organizations involved in various ways with the application 
of technology to education. A smaller group of individuals chosen from each of 
these categories were invited to meet personally with the Panel’s members and 
staff in briefing sessions conducted at the White House in October 1995. 5 The 
Panel’s principal findings and recommendations are incorporated in this re- 
port. 

The report begins with a brief discussion of the nature of the problems now 
facing elementary and secondary education in the United States, and of the role 
technology might play in helping to solve those problems. Section 3 surveys the 



4 

The Panel's focus on computer- and network-based technologies should not be taken to suggest that it be- 
lieves other technologies (“distance learning” and other educational applications of television, for example, 
or even telephones and fax machines) to be either unimportant or unworthy of critical examination in an 
educational context. Such an examination is missing from the current report only because such technologies 
(along with such other important issues as the formulation of educational standards and the application of 
technology to post- secondary education and training) fall outside the scope of the Terms of Reference docu- 
ment that defined this panel's charge. 

5 A list of those individuals and organizations who provided written submissions to or participated in briefing 
sessions for the benefit of the Panel is included in the Appendix. 
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computing and telecommunications hardware (and equally important, the as- 
sociated infrastructure and technical support) now deployed within our na- 
tion’s schools, and considers the ways in which these resources will have to be 
expanded if educational technology is to be mobilized on behalf of all of our K- 
12 students. In Section 4, we consider the ways in which information technolo- 
gies are actually used within our schools, and identify a number of challenges 
related to computer software, educational content, and pedagogical methods. 

We continue in Section 5 with an examination of the role of elementary and 
secondary school teachers within a technology-rich educational environment, 
and of the professional development, ongoing support, and other resources 
that will prove necessary if teachers are to effectively integrate technology 
within their curricula. Current and projected costs associated with the intro- 
duction and continued use of technology within all of our nation’s schools are 
estimated in Section 6, and are analyzed in terms of educational productivity 
and expected return on investment. Section 7 examines the issue of equitable 
access to educational technology, reviewing current and anticipated disparities 
based on socioeconomic status, race and ethnicity, geographical factors, gen- 
der, educational achievement, and special student needs, and considering 
some of the policy tools that might be used to minimize the extent and impact 
of these disparities. 

Section 8 focuses on the need for rigorous scientific research designed to evalu- 
ate the effectiveness and cost-effectiveness of alternative approaches to the use 
of technology in education, on the extent to which such research should be 
funded at the federal level, and on the manner in which it might best be organ- 
ized and administered. Current federal programs in the area of educational 
technology are reviewed in Section 9, with special attention to the directions in 
which those efforts might profitably be extended and expanded. The Panel’s 
central findings and most important recommendations are summarized in 
Section 10. 




13 



15 



2. Potential Significance 



Since the effective utilization of technology within all of America’s elementary 
and secondary schools will require a substantial investment of public funds, it 
seems appropriate to begin our discussion with a critical examination of the ra- 
tionale for such expenditures. While much remains to be learned about the op- 
timal use of technology in K-12 education, the Panel believes the case for edu- 
cational technology to be a compelling one in view of certain critical economic 
and social problems now facing our nation and the weight of the available evi- 
dence regarding technology’s potential contribution to the solution of these 
problems. 

2.1 Serious Problems 

While the continuing expansion of international trade has the potential to con- 
fer substantial long-term benefits on American companies and workers, it also 
presents certain challenges. As trade barriers fall and cross-border transaction 
volume increases, our children will find themselves competing more directly 
with the citizens of other countries to provide goods and services within the 
world marketplace. Indeed, the effects of international competition have al- 
ready become evident in the (permanent or temporary) loss of U.S. market 
share to European and Asian economic competitors within certain industries 
and in competition-induced productivity improvements which, while benefi- 
cial in the long term, have been accompanied in some cases by “corporate 
downsizing” and economic insecurity on the part of American workers. 

Although it seems unlikely that the United States could reverse the secular trend 
toward global economic integration even if it believed this to be in its own in- 
terest, there is much we can do to influence the role that Americans play within 
the integrated world economy of the future. In particular, the decisions we 
make today with respect to the education of our children will determine in large 
part whether they are prepared to hold high-wage, high-skill jobs that add sig- 
nificant value within the world marketplace or are instead forced to compete 
with workers in developing countries (where economic output is likely to in- 
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crease steadily over time) for the provision of commodity products and low- 
value-added services. 

The danger of the latter scenario lies not only in its potential effect on our 
country’s aggregate national income, but on the potential for unprecedented 
(at least within the American experience) disparities in income and wealth 
among Americans that could threaten the political stability our nation has long 
enjoyed. Our country’s social fabric and democratic form of government have 
never been put to the test of supporting the extreme bimodality of resource al- 
location that might result (at least in the absence of aggressive redistributive 
intervention) if a relatively small percentage of our population were to possess 
the tools necessary to engage in highly-compensated economic activities, while 
a substantial majority were forced to compete with unskilled and semi-skilled 
laborers in developing countries who might well command (inflation- adjusted) 
wage rates of less than a dollar per hour. 

These observations have implications not only for the extent to which we are 
able to educate our citizenry, but for the way in which we do so. In particular, it 
is widely believed that a continuing acceleration in the pace of technological 
innovation, among other factors, will result in more frequent changes in the 
knowledge and skills that workers will need if they Eire to play high-level roles 
within the global economy of the twenty-first century. Our children will thus 
need to be prepared not just with a larger set of facts or a larger repertoire of 
specific skills, but with the capacity to readily acquire new knowledge, to solve 
new problems, and to employ creativity and critical thinking in the design of 
new approaches to existing problems. In the words of Frank Withrow, the di- 
rector of learning technologies at the Council of Chief State School Officers, 

“the U.S. work force does not need ‘knowers,’ it needs ‘learners.’” 6 

2.2 The Role ofTechnology in Education 

While the introduction of technology will not in itself improve the quality of 
American education, there are several ways in which the Panel believes it can be 



6 As quoted in Benton Foundation, The Learning Connection, <http://www.benton.org/Library/Schools- 
/connection.htmb, 1996. 
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used as a powerful tool in addressing the problems outlined above. One of the 
earliest insights into the educational applications of technology was that inter- 
active computer-based systems admit the possibility of individualizing the edu- 
cational process to accommodate the needs, interests, proclivities, current 
knowledge, and learning styles of each particular student. Even the earliest 
drill-and-practice-based computer-assisted instruction systems, in which the 
student was exposed to successive blocks of textual material and answered a 
series of questions posed by the computer, typically offered the advantages of 
self-paced instruction. Among other things, self-pacing obviates the need for 
teachers to target their presentations to some hypothetical “typical” pupil, 
leaving part of the class behind while other students become bored, restless and 
inattentive. 

In recent years, however, many researchers have begun to focus on the poten- 
tial of technology to support certain fundamental changes in the pedagogic 
models underlying our traditional approach to the educational enterprise. 
Within this “constructivist ” 7 paradigm: 

• Greater attention is given to the acquisition of higher-order thinking 
and problem-solving skills, with less emphasis on the assimilation of 
a large body of isolated facts. 

• Basic skills are learned not in isolation, but in the course of under- 
taking (often on a collaborative basis) higher-level “real-world” tasks 
whose execution requires the integration of a number of such skills. 

• Information resources are made available to be accessed by the stu- 
dent at that point in time when they actually become useful in exe- 
cuting the particular task at hand. 

• Fewer topics may be covered than is the case within the typical tra- 
ditional curriculum, but these topics are often explored in greater 
depth. 



7 As used in this report, the term “constructivism” is intended to carry the meaning generally understood 
within the educational research community. Our intended usage should not be confused with references to 
“social constructivism” in the context of contemporary discussions of postmodernist theory — a very different 
notion that was neither considered nor discussed by the Panel. 
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© The student assumes a central role as the active architect of his or 
her own knowledge and skills, rather than passively absorbing in- 
formation proffered by the teacher. 

Some of the specific ways in which technology might be used within the context 
of the constructivist curriculum are outlined in Section 4. 

Quite apart from its use by students, technology can serve as a potentially pow- 
erful tool for teachers, who may use computers and computer networks to: 

• monitor, guide, and assess the progress of their students 
© maintain portfolios of student work 

• prepare (both computer-based and conventional) materials for use 
in the classroom 

© communicate with students, parents, and administrators 

® exchange ideas, experiences, and curricular materials with other 
teachers 

© consult with experts in a variety of fields 

° access remote databases and acquire educational software over the 
Internet 

® further expand their own knowledge and professional capabilities 

As noted in Section 4.4, a comprehensive approach to the learning process may 
also involve the use of technology by parents, and by other (physically proxi- 
mate or geographically remote) community members. While the Panel has 
concerned itself only incidentally with the use of information technology in 
school administration, it should be noted that the effective utilization of tech- 
nology can yield significant “back office” efficiencies for schools, freeing up re- 
sources for application to learning-specific activities. 



2.3 The Promise of Educational Technology 

Although our understanding of the effectiveness of various applications of edu- 
cational technology remains incomplete, such research as is available, com- 
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bined with anecdotal reports of the positive experiences of a number of schools, 
suggests that technology may indeed have the potential to play a major role in 
transforming elementary and secondary education in the United States. While 
a critical discussion of the existing research literature (and of the need for addi- 
tional research) will be deferred until Section 8, a few of the better-known ex- 
amples of the successful application of technology to K-12 education may help 
to convey an intuitive feeling for the potential of educational technology: 8 

• Blackstock Junior High School (California): This school has ten 
“smart classrooms,” including one in which students can use com- 
puter-aided design (CAD) software to describe products that are 
then fabricated using a computer- controlled flexible manufacturing 
system. Higher test scores and improvements in comprehension, 
motivation, and attitude have been reported for the predominantly 
Hispanic student body. 

• Carrollton City School District (Georgia): Computer technology is 
used in this school district as part of a novel program that has suc- 
ceeded in reducing the dropout rate from 19 percent to 5 percent, 
and the failure rate in ninth grade algebra from 38 percent to 3 per- 
cent. 

« Carter Lawrence School (Tennessee): Students in selected class- 
rooms within this Nashville middle school used technology in vari- 
ous ways as part of a program called Schools for Thought, which is 
based largely on constructivist principles. Sixth-grade SFT partici- 
pants scored higher on a number of components of Tennessee’s 
mandated standardized achievement test than students in matched 
comparison classrooms, and demonstrated substantially stronger 
critical thinking skills in complex performance assessments involv- 
ing high-level reading and writing tasks. Absenteeism and student 
withdrawal rates were also dramatically lower among SFT students. 

• Christopher Columbus Middle School (New Jersey): Perhaps the 
most widely publicized example of the successful application of 



8 We have cited standardized test scores in a number of these examples solely because such scores are widely 
used as objectively quantifiable measures of educational achievement, and not because the Panel believes 
such metrics to be most appropriate for assessing those forms of knowledge and skills that should be re- 
garded as most important for students to learn. The issue of appropriate metrics — especially for those forms 
of learning generally regarded as most important within the framework of the constructivist model — is dis- 
cussed in Section 8. 
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educational technology, this inner-city school in Union City imple- 
mented a reform program that (along with other important changes) 
provided all seventh-grade students and teachers with access to 
computers and the Internet, both at school and at home. The per- 
formance of its 91 percent Hispanic student population, the majority 
economically disadvantaged, improved from significantly below to 
somewhat above the statewide average in reading, language arts, and 
math. 

o Clearview Elementary School (California) : A restructuring program 
involving the use of advanced technology resulted in an increase in 
standardized achievement test scores from the lowest 10 percent to 
the highest 20 percent. 

° East Bakersfield High School (California): A school-to-work pro- 
gram at this school has made extensive use of technology to provide 
its 60 percent Hispanic student body (including many students hav- 
ing very limited English proficiency) with the skills required for any 
of five different career tracks, resulting in increased graduation and 
job placement rates. 

o Northbrook Middle School (Texas): Interdisciplinary teams use 
computing and networking resources to teach critical thinking and 
problem-solving skills to this student population, which consists 
primarily of the children of migrant workers, 76 percent of whom are 
economically disadvantaged. Highly significant increases in test 
scores have been reported. 

o Ralph Bumche School (New York): Information technology has been 
used for collaborative work and project-oriented learning by 120 
randomly-selected students in this elementary school, which serves 
primarily low-income black and Hispanic residents of Central Har- 
lem. These students outperformed a control group by ten percent- 
age points in mathematics on New York City standardized exams. 
Progress has also been reported on problem-solving skills. 

o Taylorsville Elementary School (Indiana): Self-paced individual- 
ized learning is the central focus of this suburban school, whose stu- 
dents are drawn largely from lower middle-class white families. 
Technology is used to support project work conducted by teams that 
include students of a mixture of different ages. Internet access and 
sophisticated information retrieval tools are used to support self- 
directed inquiries. While the program is relatively young, some im- 
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provement has been reported in test scores, along with a significant 
increase in student interest and enthusiasm for learning. 

Rigorous, systematic, well-controlled research will ultimately be required to 
identify the specific factors responsible for such apparendy successful out- 
comes and to ascertain their range of applicability and the extent to which they 
can be generalized. Most researchers and practitioners in the field of educa- 
tional technology, however, are already convinced that information technolo- 
gies have the potential not only to improve the efficacy of our current teaching 
methods, but perhaps more importantly, to support fundamental changes in 
those methods that could have important implications for the next generation 
of Americans. 
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3. Hardware and Infrastructure 



Although elementary and secondary schools in the United States have for some 
time been acquiring new computing and networking hardware faster than they 
have been retiring old equipment, access to modern hardware remains a sig- 
nificant impediment (though by no means the only impediment) to the wide- 
spread application of technology within grades K- 12. The amount of equip- 
ment available for instructional purposes remains suboptimal relative to the 
country’s K-12 student population, and a large fraction of the equipment that is 
available to the schools is obsolete and of very limited utility. This problem is 
compounded by a lack of appropriate infrastructure for the operation of mod- 
ern computer and networking equipment, and by a shortage within the schools 
of trained personnel capable of supporting the use of such equipment. 



3. 1 Computers and Peripherals 

One commonly employed measure of the penetration of computers into Ameri- 
can schools is the ratio of students to computers. Over the years since micro- 
processor-based personal computers first became widely available, this ratio 
has declined significantly, dropping from 125 in the 1983-84 school year to 10.5 
in 1994-95. 9 This figure, however, still falls short of the ratio of four to five stu- 
dents per computer (which has been achieved by only a very small minority of 
all U.S. public schools) that many experts consider to represent a reasonable 
level for the effective use of computers within the schools. Middle and junior 
high schools have less access to computers than senior high schools on a per- 
student basis, and elementary schools have an even higher student/ computer 
ratio. 

As a result of the relative scarcity of computer equipment, most schools locate 
the majority of their computers not within the individual classrooms, but in 



g 

Quality Education Data, Inc. (QED), Technology in Public Schools, 14th Edition (Denver, CO: Quality Educa- 
tion Data, Inc., 1995), p. 15. 
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